
Citation: Xue, S.; Na, J.; Wang, L.;

Wang, S.; Xu, X. The Outlook of

Green Building Development in

China during the “Fourteenth

Five-Year Plan” Period. Int. J. Environ.

Res. Public Health 2023, 20, 5122.

https://doi.org/10.3390/

ijerph20065122

Academic Editor: Paul B.

Tchounwou

Received: 3 February 2023

Revised: 7 March 2023

Accepted: 13 March 2023

Published: 14 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

The Outlook of Green Building Development in China during
the “Fourteenth Five-Year Plan” Period
Suyang Xue 1 , Jiaming Na 1 , Libin Wang 1, Shuangjun Wang 2 and Xiaoxiao Xu 1,*

1 College of Civil Engineering, Nanjing Forestry University, Nanjing 210037, China
2 Housing and Real Estate Promotion Center, Jiangsu Provincial Department of Housing and Urban-Rural

Development, Nanjing 210008, China
* Correspondence: xxx@njfu.edu.cn

Abstract: To achieve the “Double Carbon” target, China is paying increasing attention to green building
development. Thus, this study selected 26 regional green building development planning documents
that have been put into practice since the implementation of the 14th Five-Year Plan and analyzed
different development goals and common development barriers and paths presented in regional
documents by conducting qualitative research. After the analysis of common goals and goals with
regional characteristics, this study verified that spatial imbalances did exist in the development targets
of green building in each region during the “14th Five-Year Plan”, and the development priorities also
varied from region to region. Due to the relation between development goals and the current situation,
this study can also illustrate the spatial imbalances of the development situation between different
regions. The results of this study can assist regional governments in gaining a clear self-positioning to
judge whether they keep pace with the national development level of green buildings and encourage
them to take measures to guarantee the stable development of green buildings.
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1. Introduction

As the global warming trend intensifies, the international community has been trying,
with the utmost effort, to establish a low-carbon and environmentally friendly model [1].
China is one of the largest carbon dioxide emitters in the world, accounting for nearly 27%
of total global emissions [2]. For this reason, President Xi Jinping solemnly proclaimed
that China will peak carbon emissions by 2030, aiming for carbon neutrality by 2060
at the General Debate of the 75th Session of the United Nations General Assembly on
22 September 2020 [3]. The introduction of carbon peaking and carbon neutrality goals has
set a clear goal and specific timetable for the revolution of energy with the purpose of the
energy transition.

According to previous research, 40% of global energy consumption comes from build-
ings [4]. The construction sector is identified as one of the three main energy-using sectors.
The implementation of the “Double Carbon” target is not only a task that must be accom-
plished by regional governments but also a major issue of close relevance to those working
in the construction industry. Then, people come to realize that green building (GB) can be
one of the solutions to reduce building energy consumption and reduce carbon emissions
from buildings [5]. Furthermore, GB is one of the goals and strategies to achieve sustainable
development, and the core elements of the GB design contain sustainable site or location
design, energy and environment, and water conservation [6]. Various GB certification sys-
tems have been established globally, such as BREEAM, LEED, and CASBEE [7], to evaluate
the sustainability of buildings. As one of the paths to realizing the concept of GB, passive
buildings, which are also one of the nearly zero-emission building technology systems, can
be defined as buildings that guarantee a comfortable indoor climate and reduce the active
energy supply through passive technologies [8]. Although the initiation of GB originated
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in the 1960s and GB in China has good development space, it still has many problems, such
as a short development time and lack of development experience [9].

To address this issue, the Ministry of Construction and the Ministry of Science and
Technology undertook several Five-Year Plans from the “10th Five-Year” to the “13th Five-
Year” plan, all of which considered the development of building energy efficiency and
GB [10]. In particular, the latest release of the “Outline of the 14th Five-Year Plan for
National Economic and Social Development of the People’s Republic of China and Vision
in 2035” has clarified the goal of deeper development for GB and building energy efficiency
in China, providing a clear development orientation for the entire country and construction
industry [11].

GB is recognized as one of the solutions to use less energy and resources and produce
less construction waste [12]. Meanwhile, GB is beneficial to both the environment and
health. On the one hand, GB can reduce energy consumption and achieve energy efficiency,
catering to the concept of environmental-friendly design [13]. On the other hand, GB can
improve the inhabitants’ livability and enhance occupants’ satisfaction, having certain
positive effects on health [14]. To ensure the steady development of GB, many countries,
such as the United States, the UK, and Japan, have come into a relatively mature stage for
the implementation of GB with the application of laws and regulatory systems related to
GB [15]. Some scholars also prove that mandatory regulations and incentive-based policies
play vital roles in GB implementation [16].

Referring to the experience of foreign governments, the Chinese government high-
lighted the advantages of the combination of compulsory and motivational approaches
when implementing GB [15] and continuously promulgated several policies to promote GB
development [10,17]. In particular, the “Five-Year” plan indicates that China will update the
development plan for GB every five years, so the concept of sustainable GB development
can be put into practice.

Due to the vast territory of China covering different climate zones, there is a geograph-
ical imbalance existing in the development of GB [18]. Accordingly, local governments
have established many detailed green policies based on the combination of the country’s
total goals and the development status in their jurisdictions [19]. Some scholars have found
that not only geographical aspects but also economic, technical, and educational aspects
are key factors influencing GB development in China [20].

However, few studies tried to systematically investigate GB in China from the perspec-
tive of both policy and spatial distribution. To bridge the research gap, this study collects
development planning documents for GB in the “14th Five-Year Plan” period set by the
Ministry of Housing and Urban–Rural Development of the People’s Republic of China
(MOHURD) and the regional Department of Housing and Urban–Rural Development and
attempts to answer the differences between different regions in GB development, aiming to
shed light on the spatial characteristics of GB development in different regions.

GB can effectively reduce carbon emissions in the construction industry and help the
industry achieve the “Double Carbon” target as soon as possible. Therefore, this study aims
to reveal how GB in China will develop in the next five years, called the “14th Five-Year”
plan, from the perspective of the central government, provinces, autonomous regions, and
municipalities. This study collected regional development planning documents about
GB, focusing on the analysis of the goals extracted from the documents and clarifying the
differences between regional development goals. The novelty of this study is that it provides
a “panorama” of the differences between different regions from different perspectives about
the development of GB in an effective way, especially from the spatial perspective, and
provides regional governments with a relatively clear self-positioning to judge whether the
current level of development in each region confirms the level of national development.
Based on this aim, three research objectives are formulated as follows:

1. To identify regional targets for GB development during the period of the “14th Five-
Year Plan”;
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2. To summarize the common barriers and pathways of GB development among different
regions;

3. To analyze the spatial characteristics of GB development in different regions in the
next five years.

2. Research Methods and Process
2.1. Qualitative Research

Qualitative research is the main method used in this study. Qualitative analysis fo-
cuses on language and meaning rather than quantitative analysis of data, and it emphasizes
the detailed examination of specific cases that exist in social life; sometimes, some new
hypotheses can be generated [21]. When researchers do not have a comprehensive un-
derstanding of what is investigated, they will usually conduct qualitative research at the
beginning [22].

Three steps are carried out in this study, namely (1) review of previous studies; (2) review
of plan documents from different sectors at different levels; and (3) spatial analysis. The
research methods, process, and outcomes are shown in Figure 1.
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2.2. Research Process
2.2.1. Review of the Previous Studies

The initial literature search is conducted by using the Web of Science, which includes
an extensive range of academic publications on GB. A comprehensive search is performed
under the topics of “green building” or “green buildings” or “GB”, “green building devel-
opment” or “green building development in China”, “green building policies” or “green
building policies in China”, “China Five-Year plan” or “Five-Year plan for green building”,
etc. To avoid the omission of any relevant paper, we expanded the search range to “All
Database” and all years till the present. After completing the above process, several papers
of close relevance to the identified research topic have been chosen. It is evident from the
search results that the current research on green building and green building development
is extensive, with a broad research scope. Meanwhile, green building development in China
has attracted many scholars in recent years. This study undertakes a systematic review of
the literature and collects useful information. Methods and directions are proposed based
on these studies.
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2.2.2. Review of the Regional Plan Documents

This study performs a comprehensive review of the regional plan documents by search-
ing for the keyword “GB” and “the 14th Five-Year Plan” on official government websites.

In March 2021, the Central People’s Government of the People’s Republic of China
published “the 14th Five-Year Plan for National Economic and Social Development of the
People’s Republic of China” where the word “green” and “building” were mentioned
many times. Then in March 2022, MOHURD issued “the 14th Five-Year Plan for the
Development of Energy Efficiency and GB” [23]. The Plan is a more detailed description
of the development directions for GB in China from 2021 to 2025 and also sets specific
goals for GB in the “14th Five-Year Plan” period. In conjunction with this general outline,
the regional Departments of Housing and Urban–Rural Development have proposed new
plans and goals for GB development during the “14th Five-Year Plan” period in detail,
based on the summary of achievements and difficulties in GB development during the
“13th Five-Year Plan” period.

This study covers almost all provinces, municipalities, and autonomous regions of
China as far as possible to study their GB development planning documents. At the
end of August 2022, 26 regions issued planning outlines for GB development during the
“14th Five-Year Plan” period, which are the subjects of this study. Among these 26 regions,
17 regions have issued the official 14th Five-Year Plan for GB development [24–38], while
the other 9 regions do not have a document specifically describing GB development targets.
The other 9 regions have compiled a separate section in planning documents for urban-
rural housing development or construction industry development to briefly describe GB
development goals [39–47]. Liaoning, Henan, Tibet, Xinjiang, Ningxia, Hongkong, Macao,
and Taiwan are excluded from this study due to the lack of documents on GB development
goals. The reason for selecting a sufficient number of regions for this study is to cover as
many regions as possible throughout China, aiming to better reflect the development goals
of GB in China during the “14th Five-Year Plan” period. Other regions with a lack of targets
for GB development can take these 26 regions’ clear and official planning documents as a
reference and prepare their own GB development documents.

2.2.3. Spatial Analysis

In addition to the relevant literature and planning documents, it is necessary to
address the differences between different regions in the development of GB during the
“14th Five-Year Plan” period. Due to the vast territory and the complex geographical and
climatic conditions of China, each region will certainly refer to regional characteristics
when preparing its planning outline to set the most appropriate development targets for
the region, leading to the targets with regional characteristics, so some scholars, such as
Zou et al. [18] and Wang and Jia [48], have found that spatial distribution differences do
exist in GB development in China. Therefore, due to the different geographical locations,
the selected regions vary from each other in terms of goals for GB development during the
“14th Five-Year Plan” period.

3. Results
3.1. GB Development Goals

In this section, this research presents the GB development goals collected from regional
GB planning documents for the 14th Five-Year Plan published on the websites of regional
Departments of Housing and Urban–Rural Development (Table 1). Due to a large number
of key indicators and the complexity of their presentation, the targets for the 17 regions
with specific GB development documents for the “14th Five-Year Plan” are divided into
the proportional indicators, area indicators and other indicators in the figures. The limited
number of development targets of the other nine regions without a separate GB development
document will be shown in a separate figure, respectively. In addition, some quantifiable
indicators are chosen from the planning documents to make it easier to compare.
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Table 1. National GB development goals.

Key Indicators Target 2025

Total consumption of secondary energy for building operating once (billion tons of standard coal) 11.5

Proportion of new residential buildings with improved energy efficiency levels in the urban–rural area 30%

Proportion of new public buildings with improved energy efficiency levels in urban–rural area 20%

Area of energy efficiency retrofitting of existing buildings (billion square meters) 0.35

Area of construction of ultra-low and nearly-zero energy buildings (billion square meters) 0.05

Proportion of prefabricated buildings to new urban buildings 30%

The new installed capacity of solar photovoltaic in buildings (billion kWh) 0.05

Area of application of new geothermal energy building (billion square meters) 0.1

Replacement rate of renewable energy in urban buildings 8%

Proportion of electricity consumption in building energy consumption 55%

The national planning document is very concise and represents national priorities on
GB for the next five years, and these brief targets are only guidance for each region. In
the USA, green policies at the local level are more detailed than those at the federal and
state levels [49]. When the country issues a general planning outline, regional governments
will consider the current regional development situation and make a more specific plan in
response to the general targets set by the country, which is the concretization of the overall
national document. Regional targets for the GB development during the “14th Five-Year
Plan” period will be shown in Figures 2–4.

3.2. Barriers to GB Development

Barriers have always existed and will continue to exist in the development of GB in
China. Therefore, after analyzing the policy documents of various regions, this study sum-
marized the shortcomings of GB development at the end of the 13th Five-Year Plan and then
concluded five barriers to GB development. Although the 14th Five-Year Plan has been un-
derway for more than one year, the outline of GB development for the 14th Five-Year Plan
was released in March 2022 in most regions, and thus deficiencies of the 13th Five-Year Plan
development aptly reflect the current state of GB development in China.

3.2.1. Low-Quality GB Development

The quality of GB development needs to be further improved. The quality of GB
design is not high and innovative enough, and the quality of construction needs to be
improved. The whole process of close supervision needs to be strengthened, and the
number of high-star GBs and ultra-low energy consumption buildings is small. Moreover,
the speed of energy efficiency retrofitting of existing residential buildings is slowing down
due to the lack of supporting policies. Building energy efficiency and GB in rural areas are
still in the pilot stage.

The traditional development mode of GB emphasizes quantity and design and neglects
quality and operation, making it difficult to obtain high-quality GB. Among the GB built
in most regions, only the design stage of these buildings has implemented the concept of
green, while the green facilities and equipment are not operated well. The lack of scientific
management of operations makes it unavailable to achieve the concept of energy saving
and green. Therefore, it is urgent and meaningful to improve the operation management of
GB and government supervision.

3.2.2. Low Level of Prefabricated Buildings Development

The development of prefabricated buildings needs to be further promoted. The prefab-
ricated building development in some regions started relatively late. Regional governments
and departments are not sufficiently aware of prefabricated buildings, causing slow progress
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of prefabricated building projects and low acceptance of prefabricated buildings by society
and the market. Due to the small scale of prefabricated buildings, the advantages of the
reduction of overall cost have not emerged, and construction units are less motivated to
develop projects of prefabricated buildings considering incremental costs and short-term
interests. The multi-sectoral coordination mechanism for the development of prefabricated
buildings has not been completely built. Problems such as the lack of technical standards
and management systems and adequate supervision exist in the phases of component
production, construction organization, quality acceptance, etc. Briefly, the leading role of
regional governments in promoting the development of prefabricated buildings does not
function effectively.
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3.2.3. Insufficient Awareness and Lack of Sense of Acquisition for GB

The public awareness of GB is not sufficient, and there is a lack of sense of acquisition
for GB. During the period of the “13th Five Year Plan”, most regions have further expanded
the influence of the green concept through the media and the establishment of demonstra-
tion bases for the publicity of GB. However, it is necessary to strengthen the awareness
of market entities for GB development and promote the awareness of enterprises and the
public for the importance of green development.

In addition, although a certain scale of GB and green ecological residential commu-
nity projects have been implemented in various regions, problems, such as the unclear
comprehensive benefits of GBs; the disconnection between the design, construction, and
operation phases; and the poor performance of green technologies, make building users
lack the sense of acquisition to GBs.
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3.2.4. Imperfect Market Mechanism for GB

Promoting green retrofitting existing buildings and applying renewable energy and
ultra-low energy consumption buildings mainly depend on administrative constraints
and financial investment. Although the financial support makes a difference, it is still not
enough, and the establishment of a long-term market mechanism for the promotion and
application of GB is not available. Insufficient enthusiasm from the responsible subjects
probably causes problems such as the lack of GBs with high star certification, the low ratio
of application of GB materials, and the slow pace of energy efficiency in retrofitting existing
residential buildings. The integration of green finance and GB is still in the exploration
stage. In addition, the scope of application of market-based measures such as green finance
and carbon trading is relatively small, and regulations such as quotas for building energy
consumption must be solved. Generally, the working mechanism of government guidance,
market promotion, and the participation of all parties needs to be further improved.

3.2.5. Weak Foundation for GB Material Industry Development

The foundation for the GB materials industry development needs to be further im-
proved. Due to the insufficient awareness of GB materials development, the application
of GB materials is still based on the promotion of the regime in most regions, and there
is a lack of effective government guidance and incentive policies. Simultaneously, the
certification of GB materials in most regions is still in the initial stage. GB materials have
few categories and a low application ratio, and it is necessary to further improve the types
and quantities of certified GB materials. Most importantly, the cultivation and layout of the
national GB materials industry need to be enhanced deeply.

3.3. Development Paths of GB

GB has become a national strategic objective, and every sector of society should
make joint efforts to promote the development of GB. The laws and regulations and mass
awareness are the foundation, organization, and management are the guarantee, and
scientific and technological innovation is the crucial measure (Figure 5).
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3.3.1. Improve Laws and Regulations, Update Public Consciousness

Laws and regulations are fundamental in improving GB development [50]. With the
goals of carbon peaking and carbon neutrality, the country should promote a system of laws
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and regulations on building energy efficiency and GB. The country should further intensify
law enforcement and ensure that laws and regulations on GB can be put into effect. Central
government should guide local governments to formulate or revise relevant local laws
and regulations in line with local realities and encourage local governments to develop
higher-level local standards for building energy efficiency and GB. Regional Departments
of Housing and Urban–Rural Construction should strengthen communication between
different departments such as the Development and Reform Commission, Ministry of
Finance of the People’s Republic of China, and State Taxation Administration. To promote
the synergistic development of green finance and GB, governments should encourage the
use of Public–Private Partnerships (PPP) in public services.

The way to update the public’s consciousness is to conduct propaganda and education.
Governments at all levels should actively carry out social publicity and education, make
full use of various media to publicize the knowledge of GB to the public, improve the
understanding of GB, advocate green and low-carbon lifestyles, and consolidate the mass
foundation for the high-quality development of GB.

3.3.2. Strengthen Organizational Management, Promote System Construction

The country should optimize the national GB identification and management system,
speed up the certification of GB materials, and carry out the pilot project of building energy
efficiency evaluation and identification. Under the guidance of the central government, re-
lated industries should strengthen data-sharing with each other. Local urban–rural housing
construction systems should strengthen the leadership of building energy efficiency and
GB, coordinate the role of institutions, implement work responsibilities, and strengthen
synergistic cooperation between departments. Regional governments should urge the con-
struction sector to strictly implement the relevant mandatory standards and management
regulations for GBs, strengthen the supervision and management of the entire process of
new construction projects, and actively promote the information management of the entire
construction process.

3.3.3. Highlight Technological Innovation, Strengthen Communication

Regional governments should stimulate the enthusiasm of all sectors of society and
encourage and support the introduction of outstanding scientific and technological tal-
ents from home and abroad while focusing on training construction professionals and
comprehensively improving the quality and competence of the construction science and
technology team. At the same time, the country should promote all-round, multi-level,
and wide-field cooperation and communication and learn advanced experience from de-
veloped countries. It is essential to establish bilateral or multilateral communication and
cooperation mechanisms and actively introduce advanced technology and management ex-
perience to improve the capability of independent innovation continuously. Governments
should incorporate knowledge related to GB into the continuing education curriculum for
professionals and technicians, drive cooperation in GB-related technical fields and expand
technical communication.

3.3.4. Improve Evaluation and Strengthen Target Assessment

The country should establish a mechanism to assess and inspect the implementation
of specific plans, refine and implement key work of GB, and dynamically monitor the
completion of crucial indicators around the country.

3.3.5. Innovate the Project Quality Supervision Mode

During the stages of planning, design, construction, and complete acceptance of new
construction, the stakeholders should strengthen the supervision of the implementation of
building energy efficiency and GB standards and encourage the use of “Internet + Supervision”
to improve the efficiency of supervision.
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3.3.6. Play the Role of Market and Cultivate Industrial Support

The central government should guide building energy efficiency service institutions to
provide market services for building operation and energy efficiency in existing residential
buildings. To cultivate industrial support, governments should foster relevant indus-
trial chains adapted to the development of high-quality GBs and promote technological
upgrading and structural adjustment on the supply side of the industry.

3.4. Spatial Analysis of GB Development

The spatial analysis conducted in this section is divided into two parts. First, the com-
mon goals among those presented in Section 3.1 are extracted, and the different indicators
of the common goals are presented in the form of bar charts to obtain a visual comparison.
There is no goal that covers all 26 regions selected in this paper, so the common goals
are those presented in most regions (over five). Secondly, individual goals with regional
characteristics are analyzed separately to obtain the spatial characteristics of GB goals for
the 14th Five-Year Plan and then find out what the regions are focusing on in the next
five years in GB development.

3.4.1. Spatial Analysis of Common Goals

When selecting the common development goals for most regions, this study screened
out the proportional indicators from the national plan first and used them as a reference
for the average level. Due to the limited number of regions selected in this study, it is
impossible to compare the aggregate indicators in the national plan. Although some of the
common objectives do not cover all of the regions selected in this study due to their different
presentations, it does not mean that regions have no development requirement for these
common objectives. To maintain consistency in the presentation of development objectives
across the regions, the study has tried to express similar objectives in the same form as
much as possible, based on thorough research and understanding of the documents.

Analysis of 100% Indicators

The above figures (Figures 2–4) show that there are several 100% targets for the GB
development among 26 regions, and they have been organized in Table 2. Most of these
indicators are used to describe the proportion of GBs and the standards applied to GB.
Moreover, “Proportion of new urban-rural GBs” or “Proportion of new buildings in urban-
rural areas that implement GB standards” are frequently mentioned. As one of the key
methods to help the construction industry achieve carbon peaks and carbon neutrality goals,
GBs should be put into practice, and GB standards can better assist in the construction of GBs.

In addition to the above regions, other regions also have indicators called “Proportion
of new urban-rural GBs”, but their indicator values are not 100%, such as 98% in Fujian
Province, 80% in Hainan Province, and 60% in Inner Mongolia. The proportion of new
urban–rural GBs in Fujian is nearly 100% which can be given no special consideration.
However, it is clear from the geographical location that Hainan Province is surrounded
by sea on all sides, and Inner Mongolia is deep inland. The special geographical location
and extreme climatic conditions will certainly make the development of their construction
industry relatively lagging, and the introduction of GB-related industries and technologies
will also be difficult [51]. At the same time, due to the level of economic development, the
incentive mechanism for GBs in Hainan and Inner Mongolia has not yet been improved,
and the existing incentive mechanism is relatively single compared to some advanced
regions, which cannot better guide the development of GB.

Some regions like Beijing also have expressed in other ways that the region will
adopt 100% GBs for new construction and 100% GB standards, referring to the “full
implementation of green standards” mentioned in “The implementation Plan for the GB
Initiative in Beijing (2020–2022)” issued on 3 June 2021.
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Table 2. Key indicators with a target value of 100%.

Region Key Indicators with Target Value of 100%

Jilin Proportion of new urban–rural GBs

Tianjin Proportion of new urban–rural GBs

Anhui Proportion of new urban–rural GBs

Qinghai Proportion of new urban–rural GBs

Jiangxi Proportion of new urban–rural GBs

Shaanxi Proportion of new urban–rural GBs

Hebei Proportion of new urban–rural GBs

Sichuan Proportion of new urban–rural GBs

Guizhou Proportion of new urban–rural GBs

Chongqing Proportion of new urban–rural GBs

Jiangsu Proportion of new buildings in urban–rural areas that implement GB standards

Hubei Proportion of new buildings in urban–rural areas that implement GB standards

Anhui Proportion of new buildings in urban–rural areas that implement GB standards

Inner Mongolia Proportion of new buildings in urban–rural areas that implement GB standards

Chongqing Proportion of implementation of building energy efficiency measures for new buildings in the urban–rural area

Gansu Implementation rate of mandatory design and construction standards for energy efficiency in new urban–rural buildings

Qinghai Proportion of new urban–rural residential buildings that implement energy efficiency standards of 75% or higher

Application of Renewable Energy

The replacement rate of renewable energy in urban buildings is the ratio of the amount
of renewable energy to the total consumption of primary energy. In Figure 6, six regions
have specific targets for the replacement rate of renewable energy in urban buildings,
which do not differ too much from each other, while Shandong’s target of 10% is above the
national average level and Guangxi’s target of 5% is below the national level. Although
other regions have not specifically indicated the expected targets for the replacement rate
of renewable energy in urban buildings in their development targets, they do not ignore
the development of renewable energy. Inner Mongolia set 30% for the application ratio of
renewable energy in civilian buildings, while Chongqing will establish the technical path
of implementation of renewable energy and try to achieve the construction of geothermal
energy and air thermal energy building application areas of 5 million square meters at the
end of the 14th Five-Year Plan.
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Except for the replacement rate of renewable energy in urban–rural buildings, some
regions have also set targets for the area of application of renewable energy building
(Figure 7). Several regions with larger indicator values, such as Shandong, Anhui, and
Hubei, located in the east, may have higher requirements for renewable energy applications
based on their more advanced level of economic development.
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Energy Efficiency Retrofitting of Existing Buildings

Nowadays, many existing buildings cannot reach the energy standards because they
were built a long time ago [52], and their carbon emissions are one of the main sources of
carbon emissions in China’s construction sector. It is essential to promote energy efficiency
by retrofitting existing buildings, which is one of the most important ways to achieve carbon
reduction and resource conservation. To better improve the energy efficiency of existing
buildings, the Chinese government has introduced several building energy retrofit policies
from 2002–2017 to help implement energy efficiency retrofitting [53]. Nine regions selected
in this paper have clear targets for energy efficiency retrofitting of existing buildings in
the “14th Five-Year Plan” period (Figure 8). Regions with higher target values are mostly
located in the eastern coastal region. The overall distribution of indicators shows that
energy efficiency retrofitting is not promoted well nationwide. Although some regions
have set high target values, the national average is still not very high.

Identifying the constraints that currently hinder the development of energy efficiency
retrofitting in China is the first step for their implementation. The lack of capital investment
and lack of novel technologies should be resolved through the exchange of economic devel-
opment and technology [54]. The most basic issue for governments is the willingness of
households to accept energy efficiency retrofitting. Previous studies found that significant
differences existed in the views of energy efficiency retrofitting among residents with differ-
ent characteristics [55]. Timely and appropriate measures to increase the level of willingness
of residents are one of the prerequisites for achieving energy efficiency retrofitting.
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Construction of Ultra-Low Energy Buildings

Some scholars have found that special climatic conditions, such as high temperatures
than in other regions [56] and special geological conditions referring to slopes over 5% and
undulating terrain [57], all make it more difficult for Chongqing to build ultra-low energy
buildings, and so do Hainan. This can explain why neither Chongqing nor Hainan has
target values for the area of construction of ultra-low energy buildings (Figure 9).
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Application of GB Materials

In 2014, the MOHURD officially defined that GB materials can reduce the consumption
of natural resources and mitigate ecological impacts throughout their life cycle, which is
issued in the “Management Measures of GB Materials Evaluation Label”. However, the use
of poor-quality construction materials with a harmful environmental impact is a common
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occurrence in civil engineering construction [58]. Therefore, accelerating the use of GB
materials can not only implement the concept of sustainable development but also improve
the building process efficiency and construction quality. Due to the low utilization rate,
high cost, and few supporting policies, the overall level of application of GB materials in
China is lower than in some developed countries like Germany and the USA [59]. Thus, the
target values for the proportion of GB materials shown in Figure 10 are relatively even and
do not differ too much from each other. In “the 14th Five-Year Plan for the Development
of Energy Efficiency and GB”, China has proposed to increase investment in the R&D
of GB materials and key technologies and to take the lead in adopting GB materials in
government-invested projects, aiming to increase the application rate of GB materials.

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 17 of 24 
 

 

Chongqing Hubei Hunan Hainan Fujian
0%

10%

20%

30%

40%

50%

60%

70%

80%

 
Figure 10. Proportion of application of GB materials in new buildings in the urban–rural area. 

3.4.2. Spatial Analysis of Targets with Regional Characteristics 
In this section, this study analyzes the development targets with regional character-

istics, such as the proportion of bulk cement used in Guangdong and the cumulative con-
sumption of phosphogypsum in the construction industry in Guizhou. In particular, con-
cerning the application of renewable energy, the application of solar energy varies greatly 
from region to region, mainly due to their geographical location, and will be discussed in 
detail. 

Bulk Cement Use in Guangdong 
At the end of the 20th century, the Guangdong Provincial People’s Government took 

into account its actual situation and formulated the Guangdong Province Bulk Cement 
Regulations, aiming to increase the proportion of bulk cement use, develop commercial 
concrete, save energy and raw materials, reduce environmental pollution, promote tech-
nological progress in cement production, and guarantee the quality of construction pro-
jects. To promote the further development of bulk cement, the Guangdong Provincial De-
partment of Housing and Urban–Rural Development issued “the Guangdong Province 
Bulk Cement Development and Application Plan (2014–2020)” in 2014. The Plan stated 
that the province’s bulk cement supply should reach 95.3 million tons by the end of 2020, 
with a bulk rate of over 70%. Actually, the supply of bulk cement reached 103 million tons, 
and the cement bulk rate reached 72.51% in 2020, with an increase of 8.25% year-on-year, 
successfully completing the target in 2014. Among the 26 regions selected in this study, 
only Guangdong has a clear focus on the development of bulk cement in its planning doc-
ument, and the provincial government has issued several decrees and regulations to en-
sure the stable development of bulk cement. This is a feature of the 14th Five-Year Plan 
for GB development in Guangdong. 

Cumulative Consumption of Phosphogypsum (PG) in the Construction Industry in Gui-
zhou 

China generates almost 20 million tons of PG every year, and its utilization ratio is 
less than 10% [60]. When a large amount of PG is thrown away without any treatment, it 
can contaminate the environment [61]. The pollution of the Wujiang River in Guizhou is 
due to the incorrect handling of PG. To alleviate PG pollution in the Wujiang River, the 
Guizhou government has proposed a target for cumulative consumption of PG and has 

Figure 10. Proportion of application of GB materials in new buildings in the urban–rural area.

3.4.2. Spatial Analysis of Targets with Regional Characteristics

In this section, this study analyzes the development targets with regional charac-
teristics, such as the proportion of bulk cement used in Guangdong and the cumulative
consumption of phosphogypsum in the construction industry in Guizhou. In particular,
concerning the application of renewable energy, the application of solar energy varies
greatly from region to region, mainly due to their geographical location, and will be
discussed in detail.

Bulk Cement Use in Guangdong

At the end of the 20th century, the Guangdong Provincial People’s Government took
into account its actual situation and formulated the Guangdong Province Bulk Cement
Regulations, aiming to increase the proportion of bulk cement use, develop commercial
concrete, save energy and raw materials, reduce environmental pollution, promote techno-
logical progress in cement production, and guarantee the quality of construction projects.
To promote the further development of bulk cement, the Guangdong Provincial Depart-
ment of Housing and Urban–Rural Development issued “the Guangdong Province Bulk
Cement Development and Application Plan (2014–2020)” in 2014. The Plan stated that
the province’s bulk cement supply should reach 95.3 million tons by the end of 2020, with
a bulk rate of over 70%. Actually, the supply of bulk cement reached 103 million tons,
and the cement bulk rate reached 72.51% in 2020, with an increase of 8.25% year-on-year,
successfully completing the target in 2014. Among the 26 regions selected in this study, only
Guangdong has a clear focus on the development of bulk cement in its planning document,
and the provincial government has issued several decrees and regulations to ensure the
stable development of bulk cement. This is a feature of the 14th Five-Year Plan for GB
development in Guangdong.
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Cumulative Consumption of Phosphogypsum (PG) in the Construction Industry
in Guizhou

China generates almost 20 million tons of PG every year, and its utilization ratio is less
than 10% [60]. When a large amount of PG is thrown away without any treatment, it can
contaminate the environment [61]. The pollution of the Wujiang River in Guizhou is due to
the incorrect handling of PG. To alleviate PG pollution in the Wujiang River, the Guizhou
government has proposed a target for cumulative consumption of PG and has stated in
its planning document that it will accelerate the R&D of building material products for
the comprehensive use of PG resources and increase the promotion and application of PG
building material products. Moreover, PG can be reasonably used in different fields, such
as building materials, the chemical industry, and the recovery and extraction of rare earth
elements [62].

Analysis of Solar Applications in Different Regions

China’s total solar radiation resources are abundant. The Qinghai–Tibet Plateau is
the most abundant, with total annual radiation exceeding 1800 kWh/m2 and even over
2000 kWh/m2 in some areas. The Sichuan Basin has relatively low resources, with areas
below 1000 kWh/m2. Table 3 shows the distribution of solar resources in the country. These
data are from the National Energy Administration [63].

Table 3. Total national solar radiation and regional distribution.

Name Total Annual Radiation MJ/m2 Major Regions

The richest zone ≥6300
West of Ejin Banner in Inner Mongolia, west of Jiuquan in Gansu, most of
west of 100◦ E in Qinghai, most of west of 94◦ E in Tibet, eastern edge of

Xinjiang, part of Ganzi in Sichuan

Very rich zone 5040~6300

Most of Xinjiang, most of east of Ejin Banner in Inner Mongolia, western
Heilongjiang, western Jilin, western Liaoning, most of Hebei, Beijing,
Tianjin, eastern Shandong, most of Shanxi, northern Shaanxi, Ningxia,
most area of east of Jiuquan in Gansu, eastern edge of Qinghai, east of
94◦ E in Tibet, central and western Sichuan, most of Yunnan, Hainan

Richer zones 3780~5040

North of 50◦ N in Inner Mongolia, most of Heilongjiang, east-central Jilin,
east-central Liaoning, west-central Shandong, southwestern Shanxi,

south-central Shaanxi, eastern edge of Gansu, central Sichuan, eastern
edge of Yunnan, southern Guizhou, most of Hunan, most of Hubei,

Guangxi, Guangdong, Fujian, Jiangxi, Zhejiang, Anhui, Jiangsu, Henan

General zone <3780 Eastern Sichuan, most of Chongqing, north central Guizhou, west of
110◦ E in Hubei, northwestern Hunan

The distribution of solar resources influences the application of solar energy in various
regions. Only a few of the regions selected in this study mentioned the application of solar
energy resources (Table 4). Jiangsu, Guangdong, Guangxi, and Hubei all mentioned the
newly installed capacity of solar photovoltaic in buildings, and Hubei’s indicator value
is the lowest, as parts of Hubei are in the general zone of distribution of solar resources.
Although Jiangsu, Guangdong, and Guangxi are all included in the “Richer zone”, Jiangsu
has a lower target for the newly installed solar photovoltaic capacity in buildings compared
to Guangdong and Guangxi. However, Jiangsu does not reduce the use of its abundant
solar resources; it has separately proposed an indicator called the area of application of new
solar thermal buildings. However, some regions such as Chongqing and Sichuan have no
requirements for solar energy application in their planning documents, as the total annual
radiation is much lower than in other regions, but they are committed to developing other
renewable energy resources such as geothermal energy.
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Table 4. Development indicators related to solar energy.

Region Key Indicator Target 2025

Jiangsu Newly installed capacity of applications of solar photovoltaic integration (kWh) 500

Jiangsu Area of application of new solar thermal building (million square meters) 50

Guangdong Newly installed capacity of solar photovoltaic in buildings (million kWh) 2

Guangxi Newly installed capacity of solar photovoltaic in buildings (million kWh) 1.5

Hubei Applications of solar photovoltaic building (kWh) 300

4. Discussion and Suggestion

The results show that there are spatial imbalances in the development goals of each
region in the “14th Five-Year Plan” period. Development goals are proposed based on
the current development situation, which can reflect the development situation to some
extent. Therefore, the spatial imbalances in the development goals of GB in China suggest
spatial imbalances in the development situation of GB in China. This finding aligns with
the findings of Guo and Yuan [64] and Chen et al. [65]. In other words, regions with better
GB development are more likely to have more optimistic development goals, while there
is relatively little room to move forward in GB development for regions with a poorer
economic situation.

The objective of this study is to identify the characteristics of GB development goals in
each region during the “14th Five-Year Plan” period. After analyzing common goals and
goals with regional characteristics, the results also reflect that the variability between many
of the indicators may be arguably due to the level of economic and technical conditions or
the special geographical location [66]. Concerning the proportion of new urban–rural GBs
and the proportion of new buildings in urban–rural areas that implement GB standards,
many regions have set a target value of 100%, reflecting that the majority of regions will
promote GB development widely. However, some regions cannot achieve the target of 100%
due to their economic level and geographical location, which requires them to exchange
technology with regions better developed [67]. There is little variation between regions
in the replacement rate of renewable energy in urban–rural buildings. The regions with a
larger area of application of renewable energy building are mostly located in eastern China.
Moreover, regions with a larger area of energy efficiency retrofitting of existing buildings
are located in the eastern coastal region. Namely, the eastern coast has clear development
goals and promising development prospects for renewable energy applications and energy
efficiency retrofitting [68]. For the application of GB materials, the result is in line with
findings in the research of Zhao et al. [59] that the overall level of application of GB materials
in China is not very high compared to that of developed countries. When analyzing targets
with regional characteristics, it indicates that Guangdong focuses on developing bulk
cement in order to protect the environment; Guizhou proposes a rational application of PG
to reduce pollution of the Wujiang River and the utilization of solar energy is related to the
geographical location of regions.

The development barriers and paths concluded from the planning documents partially
overlap with the existing research findings [9,50,69]. In the planning documents, there
are several problems for GB development, such as poor quality of GB development, low
level of prefabricated building development, insufficient awareness and lack of sense
of acquisition for GB, an imperfect market mechanism for GB, and a weak foundation
for the development of GB material industry. It is in line with previous research that
immature market mechanisms for GB [70] and inappropriate development approaches [71]
can also hinder GB development. Because the 14th Five-Year Plan has just been put into
practice, the development barriers describing what the regions faced at the end of the
“13th Five-Year Plan” can be applicable to the current stage. Simultaneously, to guarantee
the stable development of GB, the national and regional governments play a pivotal role
in promoting GB development [72]. Specifically, the primary task is to promote scientific
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and technological innovation and strengthen cooperation and communication between
each region. Regions with advanced GB development can provide technical and strategic
support to help achieve a breakthrough in technological bottlenecks, and technology
transfer is critical. Technology transfer can be defined as an activity centered on knowledge
exchange, and several technology transfer instruments have been proposed to apply in
different areas. Among these, the triple helix of governments–universities–industries can
promote innovation and may also be applicable to the green building industry in China [73].
Secondly, national and regional governments should formulate laws and regulations to
guarantee the stable development of GB from the perspective of policy. Appropriate
financial incentive policies should be proposed to motivate concerned organizations to take
an active part in GB construction. Finally, it is essential to increase public acceptance of GB
and consolidate the mass base for promoting GB development.

However, when analyzing common indicators, it is difficult to find a common indicator
covering both the country and all the regions, and this is where some improvements can
be made. When the country sets national development targets, it should simultaneously
issue blank development documents containing basic and compulsory indicators to the
regional governments. The regional governments or the Department of Housing and Urban–
Rural Development should thoroughly consider the situation in the region and define the
corresponding development targets, such as proportion or aggregate targets. After that,
they should supplement the development targets with regional characteristics accordingly.

5. Conclusions

As global warming intensifies, all fields should find a sustainable direction for low-
carbon development. GB, which consumes fewer resources and energy and produces less
pollution, is the path to realizing sustainable development in the building sector. This study
collected GB development planning documents that have been issued and put into practice
in 26 regions since the implementation of the 14th Five-Year Plan. This paper conducted
a qualitative analysis and concluded the development targets of these regions. Common
targets and individual targets with regional characteristics have been analyzed. It can be
found that there are spatial differences in the GB development targets in each region, and
the development priorities also vary from region to region.

This study contributes to both theoretical and practical implementation, which pro-
vides strong evidence to verify the imbalanced spatial distribution of GB development goals
in China and also provides regional governments with a relatively clear self-positioning to
judge whether the current development level in each region keeps pace with the national
development level. There are still some limits to this research, which can be a direction
for further study. As not all regions have issued GB planning documents, the study does
not cover all provinces and autonomous regions, and it may lead to deviations in the
results to some extent. In addition, it should be not only an analysis of future targets but
also a validation of rationality when setting goals combined with the regional situation.
Future similar studies could be carried out on a cyclical basis (coinciding with the national
Five-Year Plan) and study the state of national GB development periodically, then propose
a focus and path of development for the next phase.
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